Sugarcane (Saccharum spp.) stands out as one of the main crops of Brazilian agribusiness. Currently, the crop harvesting process is predominantly mechanized. The objective was to evaluate the losses and impurities in the mechanized harvest of sugarcane as a function of working speed and rotation of the primary extractor. The experiment was conducted in a sugarcane harvested without previous burning, using the variety CTC 15 in its first cutting stage, classified as upright. The row spacing was 1.5 m and the average crop yield was 92.5 Mg ha -1 . A single-row harvester was used, operating at three working speeds, being V1 (3.0 km h -1 ), V2 (5.0 km h -1 ) and V3 (7.0 km h -1 ). Two rotations of the primary extractor were used, R1 (700 rpm) and R2 (1000 rpm). In the experiment, the loss of raw material and the vegetable impurities were evaluated shortly after the harvester went through the experimental area. With the highest rotation of the primary extractor, there were average levels of vegetable impurities (4 to 6%), and with the lowest rotation, there were high levels (> 7%). Levels for plant losses were low (< 2.5%) for all evaluated treatments.
Introduction
The sugarcane is a monocotyledon of the Poaceae family, which has a high photosynthetic rate. This crop has a large size and is semi-perennial, forming clumps with fibrous stems and rich in sucrose. The propagation is vegetative, using stems, billet or seedlings whose buds sprout when they find favorable climatic conditions. After harvesting, the buds of the rhizomes sprout, giving rise to a new clump (Silva et al., 2015) .
Sugarcane cultivation has a great importance in the Brazilian economy since the colonial period (Carvalho et al., 2013) , being the main raw material for the manufacture of products such as sugar and ethanol, and by-products such as bagasse (co-generation of electric power), filter cake and vinasse.
Of the three types of harvesting systems (manual, semi-mechanized and mechanized) for sugarcane cultivation, mechanization is the system that has replaced manual harvesting in the sugarcane sector to supply labor shortages, reduce the environmental impact caused by burning straw, increase the operational efficiency and modernize the sector (Giachini et al., 2016) .
The losses of sugarcane raw material in cane fields occur independently of the harvesting system used during harvest. According to Neves (2015) , the losses represent all the industrializable variations of sugarcane that remain in the field during the harvest and can be identified as visible, considering the whole stems and their fractions, billet and stumps resulting from the basal cut of the sugarcane harvester. The increase of raw material losses is influenced by the increase of the working speed of the harvester, with these losses being unacceptable economically (Ramos et al., 2014) .
The impurities are classified as any material that is together with the raw material harvested and that is not industrializable, which may be both of vegetable origin, i.e., originating from the plant (green leaves, straw, heart of palm, roots and dry stems), and of mineral origin, which corresponds to the amount of soil taken along with the wheel load (Alonso, 2006) . When taken to the industry together with the harvested material, vegetable impurities hinder the extraction process of sugarcane juice in the mills, the broth clarification and the formation of sugar crystals, reducing the color quality of the sugar produced (Cassia et al., 2015) .
Knowing the causes of losses and impurities in the harvest facilitates the process for necessary corrections aiming to reduce them in the cane fields. Some of the factors are the uses of the harvester's working speed and rotation of the primary extractor suitable for the productivity of sugarcane, besides the synchronism of the speed and distance of the harvester with transhipment, regulation and state of the active organs of the harvester, the training and technological qualification for operators and the soil preparation of the area in a suitable way for the mechanized harvest (Neves, 2015) . Therefore, the objective was to evaluate the losses and impurities in the mechanized harvest of sugarcane at three working speeds of the sugarcane harvester and two rotations of the primary extractor.
Material and methods
The experiment was carried out at the Pederneiras plant, belonging to the Zambianco group, located in the municipality of Tietê, state of São Paulo, with the geographical coordinates 22°58'09" South latitude and 47°43'12" West longitude.
The experimental area had the variety CTC15, in an area of 18.66 ha. The spacing between rows was 1.5 meters and the terrain had an average slope of 6%, being thus suitable for mechanized harvesting. During the accomplishment of the cultivation in the experimental area, a ground leveling operation (break-back) was performed in between lines. Harvesting occurred without previous burning of the cane field and the average yield of the area was 92.5 Mg ha -1 .
Throughout the experiment, the same sugarcane harvester was used, brand CASE A8800, according to the characteristics in Table 1 . Three harvester working speeds were selected, being 3.0 (V1), 5.0 (V2) and 7.0 km h -1 (V3). Two rotations of the primary extractor of the machine were used, 700 rpm (R1) and 1000 rpm (R2). The treatments were conducted with six replicates, totaling 36 plots. The area corresponding to the plots was obtained from bands of 100 m of harvest length. The design was completely randomized.
The determination of the working speed was performed by means of the time spent to go through each plot. To determine the distance of each plot and the time spent in the displacement, a Garmin GPS model MAP 60csx was used. The average speed was obtained by Equation 1:
Wherein: Wsp is the working speed of the harvester (km h -1 ), L is the length of the experimental plot (m), Δt is the time spent to go through the experimental plot (s) and 3.6 is the conversion factor. To determine the visible losses of raw material, the methodology proposed by Benedini et al. (2009) was used, where losses are measured directly by demarcating an area immediately after harvesting and performing the manual collection of all fractions that were not collected (fractions of billet that were shattered, whole pieces or crushed/shredded pieces of sugarcane, pieces of sugarcane attached to the pointers, whole billet thrown out of the transhipment vehicle, and stumps above 5 cm left behind by deficiency in the basal cut) ( Table 2 ). The area of the plot sampled was approximately 10 m², covering two lines of sugarcane with 3.0 m in width and 3.3 m in row length. After separating the material found, the mass of each material collected was measured using a portable scale with a reading capacity of 25 kg and an accuracy of 10 grams. The losses were calculated absolutely (Mg ha -1 ), multiplying the final value in weight per 1,000. For the percentage value, this value was divided by productivity plus the value of losses, according to Equation 2.
Wherein: Pc is the percentage of losses in the field (%), PF are the losses in the field (Mg ha -1 ), P is the productivity of the sugarcane field (Mg ha -1 ) and 100 is the conversion factor To evaluate the quality of the raw material harvested by the harvester, samples of the harvested material that would be deposited in the transhipment of sugarcane were taken, using plastic bags to collect the material, in each repetition. The samples were removed after the secondary extractor, and they passed through all cleaning systems of the harvester, i.e., primary extractor and secondary extractor, allowing the evaluation of the actual amount of strange plant material in relation to the harvested material.
After the material was collected, the samples were separated into fractions for the determination of vegetable impurity, being: billet, pointers, leaves and straws, roots and total. These fractions were measured with portable scale, and the percentages of each item were determined in the total sample (Figure 1 ). The classification of plant impurities was performed according to Benedini et al. (2009) (Table 3) . Statistical analysis was performed first by the F test and, when significant at least with 5% probability, the means were compared by Tukey test at 5% probability.
Results and discussions
Since there was no interaction between the working speed of the harvester and the rotation of the primary extractor for the fractions, the mean values of the treatments performed in the test were used (Table 4) . Means followed by equal letters, upper case in column and lower case in line do not differ by Tukey test (α = 5%); C.V. -Coefficient of variation; * significant at 5% probability; NS -not significant.
As the speed of the harvester increased, a higher plant loss occurred in all evaluated treatments, with V1 presenting a lower value of plant loss when compared to V3; on the other hand, V2 (5.0 km h -1 ) did not differ statistically from the other speeds (Table 4) . When the primary extractor rotations were analyzed, there was no difference.
With these results, it is possible to observe that for the plant losses, the variable speed has greater influence, as described by Ramos et al. (2014) , where an increased working speed of the harvester resulted in increased losses of raw material. Similarly, Segato et al. (2011) , when verifying the influence of increasing the sugarcane harvester's speed on plant losses, concluded that there is a relationship between these factors.
The values of this test are lower than those observed by Santos (2015) , who, when testing double--row sugarcane harvesters, obtained values of 3 to 5% plant losses, a fact attributed to the number of rows in which the harvester collects plant material. Giachini et al. (2016) , evaluating an experiment of sugarcane losses during day and night harvests with similar sugarcane yield, obtained values of losses close to this test, of 1 to 2.2%, but with different factors interfering. It must be considered that for this trial the increase in speed caused the greatest loss, yet for those authors, the harvest period influenced the loss, and the highest value was observed at night harvest. The authors attribute this value to the nonincidence of sunlight, which can make it difficult for the operator to visualize the process at the time of harvest, not noticing operating failures leading to greater loss.
The results found in this study disagreed with those observed by Neves et al. (2006) , who stated that the poor performance of harvesters, expressed by the high rates of raw material losses, is not associated with the harvester's working speed.
With the values obtained in this work, it was verified that the percentage of losses, according to Benedini et al. (2009) , would be classified as low for all treatments, since it was less than 2.5%.
As with plant losses, because there was no interaction between the working speed and the rotation of the primary extractor, only the mean values of the vegetable impurities were used, and not the fractions separately, which did not differ statistically (Table 5) .
Tabela 5 -Mean of vegetable impurities in the raw material. Means followed by equal letters, upper case in column and lower case in line do not differ by Tukey test (α = 5%); C.V. -Coefficient of variation; * significant at 5% probability; NS -not significant.
The working speed of the harvester did not show difference for the average of impurities, however for the means of the rotations of the extractors there was difference, and the highest value of vegetable impurities was found in the rotation R1 (700 rpm), the smaller being verified in R2 (1000 rpm), demonstrating the influence of the primary extractor's rotation on the cleaning of sugarcane (Table 5) . Notwithstanding, Ramos et al. (2014) , evaluating the quality of mechanized sugarcane harvesting, describes that the vegetable impurities were not influenced when there was a change in the working speed or in the rotation of the harvester's motor.
According to the classification of Benedini et al. (2009) , the values found in this work for the treatments V1R2; V2R2; V3R2 present average levels of vegetable impurities, yet the treatments V1R1; V2R1; V3R1 have high levels of plant impurities.
The results of this work, from 5.5 to 7.6%, are lower than those of Schmidt Junior (2011), who obtained values between 10 and 15% in a test with two harvesters, where a prototype model, which may need to be improved, generated the highest value of impurity. Nonetheless, the author attributes this result to the working speed of the harvester, differing from the variable of this study.
Conclusions
Plant losses are low (< 2.5%) for the evaluated treatments.
The higher the working speed, the greater the plant loss. Plant losses are not affected by the rotation of the primary extractor.
The highest rotation of the primary extractor (1000 rpm) shows an average level (4 to 6%) of vegetable impurities and the lowest rotation of the primary extractor (700 rpm) shows high levels (> 7%).
The higher the rotation of the primary extractor, the lesser the impurities. Impurities values are not affected by speed.
